Abstract: Due to the diversity of the image content, we propose in this study a new technique for content-based image retrieval to characterise the image. In this scenario, all images are characterised by their frequency content and their shape information. Indeed, using the high-resolution spectral analysis methods, especially the 2-D estimation of signal parameters via rotational invariance techniques, we extract from the image its content frequency and with the angular radial transform its shape information to construct a new vector descriptor. The experimental results applied to the Coil_100 database show the effectiveness and the robustness of our approach compared with the method based on the shame information only, and the precision average can be reached as 74.49%.
Introduction
Content-based image retrieval (CBIR) is a technique that allows a user to search an image based on a query, from a database containing a large amount of images. CBIR appeared and have been presented in the state of the art by a number of authors (Smeulders et al., 2000) to remedy the accuracy problem related to text-based image retrieval systems. It is typically done on the basis of a comparison of low-level features such as colour (Singha and Hemachandran, 2012; Song, 2004; Wang et al., 2009) , texture (Chawki et al., 2015a) and shape (Chawki et al., 2015b) extracted from the images themselves.
Shape features compared with other features, such as texture and colour, are much more effective in semantically to characterise the content of an image (Persoon and Fu, 1997) . However, the accurate extraction and representation of shape information are the challenging task of shape descriptors (Amanatiadis et al., 2011) . The construction of shape descriptors is even more complicated when invariance, with respect to a number of possible transformations, such as scaling, shifting, and rotation, is required (Belongie et al., 2002) .
The shape descriptors exist can be classified into two groups: contour-based shape descriptors (Zhang and Lu, 2001 ) and region-based shape descriptors (Simon and Pawlak, 1996) . Contour-based methods need extraction of boundary information which in some cases is unavailable, whereas the region-based methods are not based on shape boundary information, but they take into account all the pixels within the shape region.
Consequently, for generic purposes, both types of shape representations are necessary (Amanatiadis et al., 2011) . The angular radial transform (ART) is the most used method.
The ART is a 2-D complex transformation defined in polar coordinates on a disk unitary. ART is presented firstly by Kim and Kim (1999) . The MPEG-7 standard has proposed the ART as a new region-based method (Jeannin, 2001) . The ART transformation has many properties such as robustness to noise and scale, invariance to rotation, ability to describe complex objects, it has a small size (Ricard et al., 2005) .
The overall objective of spectral analysis methods is to characterise the frequency content of signals in general. Indeed, these methods can be divided into two categories: the first contains the pseudospectrum methods whereas the second family groups the subspace methods also called high-resolution methods. The 2-D estimation of signal parameters via rotational invariance techniques (ESPRIT) method is the most famous and the used method in bidimensional frequency estimation. It provides the pair frequency automatically with good precision. Indeed, a new method based on the frequency content is developed in Chawki et al. (2016) .
We propose a new approach for CBIR systems. Our method is based on a combination of the frequency content given by the 2-D ESPRIT (Chawki et al., 2016) method and the shape feature extracted from image by the ART transform.
This work is organised as follows: Section 2 reviews the recent research works with respect to content-based image retrieval, Section 3 describes the proposed system for content-based image retrieval, and Section 4 gives out the datasets and results of the experiment. Finally, we conclude our work with conclusions and perspectives.
Related works
In this section, a brief review of some important contributions from the existing literature is presented.
Most retrieval systems are mostly based on key words for image search, but in many case, it cannot meet demands for different users with different views. For this purpose, a new approach of CBIR is presented (Chawki et al., 2016) , which is based on the image frequency content. Indeed, this method used the 2-D ESPRIT method to extract from the image the frequency content for constructing the vector descriptor. This proposed approach is applied to the Coil 100 database, and the experimental results show that this method improves the precision of image retrieval.
In addition, another new method for CBIR by exploiting the digital image content (Chawki et al., 2015a ). This method is based on the representation of the digital image content by a characteristics vector of the indexed image. Indeed, this approach exploited the image texture to extract its characteristics and for constructing a new descriptor vector by combining the 2-D ESPRIT method and Gabor filter. To evaluate the performance, this method is tested on the Brodatz image database. The results show that the representation of the digital image content appears significant in research of imaging information.
Another novel method for CBIR based on the content frequency and shape feature is presented (Chawki et al., 2015b) . Indeed, the given approach is based on the combination of the frequency content extracted from the image by 2-D ESPRIT method and the Zernike moments, respectively. This approach is tested on the Coil_100 databases, and the results are compared with the Zernike moments. This method provides a higher precision and recall values than the Zernike moments. Adding the frequency content to the shape features improves the robustness and the accuracy of the methods based on the descriptor form only.
Proposed method
We propose a new method for CBIR using the content frequency given by the 2-D ESPRIT method (Chawki et al., 2016) combined with the shape feature given by the ART transformation.
Content frequency
In this case, we decompose first, each image into 16 blocks. Then we applied the 2-D ESPRIT method to each block to extract its frequency content.
The frequencies extracted by the 2-D ESPRIT method are in the form of two components (frequency couple): one component is on the first frequency axis and the other component is on the second frequency axis. Therefore, the frequency module is defined as follows: Figure 1 depicts the relationship between the frequency components 1i f , 2i f , and the module i f :
In our case, we extract six frequencies; thus, the frequency is as follows: We use the RGB colour space in order to extract the frequency content of each layer.
Therefore, the frequencies for each block are as follows:
Finally, the total frequency, of the all 16 blocks, of which size is 288 components (6 × 3 × 16), is as follows:
The choice of 16 blocks and 6 frequencies is done after driving the experimented test.
The angular radial transform
The ART is moment-based image description method adopted in MPEG-7 as 2-D regionbased shape descriptor. The ART is defined as follows (Kim and Kim, 1999) :
where:
F is ART coefficient of order n and m . 
The indices n and m are, respectively, radial and angular that define the order of the coefficient , 
After extracting the content frequency and the ART coefficients, we combine them for building the vector descriptor as follows:
The similarity measure between a query image Q and a target image T is carried out by calculating, for each value of the vector, the Swain similarity (Swain and Ballard, 1991) ( , ) D Q T defined by 
Experimental results
The results and discussion of the proposed content-based image retrieval system are given in this section. The proposed content-based image retrieval system has been implemented using MATLAB (Matlab 2009a) , and the performance of the proposed system is analyzed using the evaluation metrics including precision and recall to perform the proposed method. These two most commonly used measures; the precision and the recall are given as follows (El Asnaoui et al., 2016a , 2016b :
The relevant retrieved images Precision=
The total retrieved images (13)
The relevant retrieved images Recall =
The total relevant images in the database (14)
Image retrieval
To check the retrieval performance and robustness of the proposed method, several experiments are conducted on Coil-100 database (Figure 3) . Source: Deselaers, 2003 We display the best 14 similar images retrieved to prove the performances of our proposed algorithm. The results are presented separately (Figures 4 and 5) . Other experiments are tabulated below. To see the influence of the decomposition into block of images and the number of the extracted frequencies, we measure the average precision and the average recall for each decomposition and for the frequencies extracted. The experiments results are given in Tables 2 and 3 , respectively. Indeed, we can see that the decomposition into 16 blocks and extracting of six frequencies gives the good results. Table 3 Influence of number of extracted frequencies from images on the precision and recall
Comments
The approach proposed in this work is simple, and it can be used to overcome limitations of existing algorithms mentioned above (Chawki et al., 2015a (Chawki et al., , 2015b (Chawki et al., , 2016 . The evaluation of the proposed approach shows that the ability of the CBIR system to retrieve relevant information from all images collection is better. It is possible to achieve up to 74% of efficiency in retrieval of images in Coil dataset. Figure 4 shows the results of query image (obj25__0), our approach has returned 14 relevant similar images whereas Figure 5 illustrates another example of query image (obj__50) with 14 images similar including three not relevant images (obj5__180, obj22__265 and obj5__65).
Figures 6 and 7 show the precision average and the recall average, respectively, of our approach. We can see that our method is more accurate (average precision: 74, 49%). In addition, the results obtained indicate that the proposed approach might be considered as a solution for the development of visual information retrieval. 
Conclusion and perspectives
In this paper, we have interested in the content frequency, and features shape to characterise the images. Content frequency is the most straightforward features utilised to due to its robustness to background and independence of image size and orientation. The addition of the content frequency to the shape feature can improve the precision of the methods based on the shape only. Our new method has tested to the Coil-100 database, and the experimental results show its effectiveness and the robustness (the average precision: 74, 49%).
In future works, we focus on the testing our approach to the others images database and then to combine the content frequency with the colour and texture feature.
